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(54) SEPTAL DEFECT CLOSURE APPARATUS 



(71) We, ALTON OCHSNER 
MEDICAL FOUNDATION, a nonprofit 
making Corporation organized under the laws 
of I^ntianR, United States of America, of 
1514 Jefferson Highway, Mew Orleans, 
t^Wmmm 70121, United Scales of America* 
do hereby declare the invention^ for which 
we pray that a patent mar be granted to as, 
and the method by which it Is to be per* 
formed, to be particularly described hi and 
by the following statement;--- 



has to work harder because same of the blood 
which it pomps wul recirculate t hiuugi j the 
fangs instead of going out to the rest of the 
body. Hie 01 fffrcti of these lesions usually 
cause added strain on the heart with ultimate 
hear t failur e if not corrected. 

Heretofore these mrxacardiac or extras 
cardiac septal defects have required relatively 
extensive surgical nyrmiqim for correction. 
In 1938 surgeons hot seriously entered the 

field Of — faj+iwg wwpiMNl 
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Hie present nrvention relates to apparatus when Gross |lp i M Mtiwl thV first ligation of a 

for the closure of septal defects or sjmnii to patent ductus arteriosus. Since ***** tww rapid 

the intravascular system or the great vessels advances have allowed thoracic mijw^r* to 

by means of a positive mnrhanirsl structure close not only extracarctiac ™nft»m>»| shunts 

applied by means of an outer cath eter and but also shunts between the chambers of the 

other associated operative elements working heart The modem era of extracorporeal 

within said outer ca t h et e r . circulation* began in 1953 when Gibbon first 

In order to gain a better understarjding of dosed an atrialseptal defect, using the neart- 

the present invention and its particular lung marhmr To date the present method of 

ap pli c ation , it is noted that the heart is closing intracardiac shunts, such as atrialseptal 

divided into four compartments or cham ber s, defects and ventricular-septa! ennuis 

the two upper being die left and right atria the relatively drastic technique of open-heart 

and the two lower being the left and right surgery, requiring - opening- the chest or 

ventricles. The atria are separated from eac h sternum ana diverting the blood from the 

other by a muscular wall, the interatrial heart with the. use of a caniiopulmonary by* 

septum, and the ventricles by the inter- pass. The heart is then opened, the defect is 

ventricular septum. sewn shut by direct suturing with or without 

ly or by acquisition^ a patch of synthetic (usually of 
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ab n o rm a l openings, holes or shunts can occur Dacron, (a Remstered Trade Mark), Teflon 

between the chambers of the heart or the great (a Registered Trade Mark), silk, nylon or 

vessels (interatrial and int er v e a r k nlar seotsl pericardium), and the heart closed. The 

riffn iw or patent ductus arteriosus and aornco- patient is then taken off the cardiopulmonary 

pulmonary window respectively), allowing the bypass machine, and the chest dosed, 
movement of blood through the «r«^g, In place of direct suturing> it has bem 

The def ormity is usually congenital, resuk> sugg e s ted that closures of mteranricular septal 

ing from a failure of corrtpfrrwm of the forma* defects could be made by means of a double 

tin of the septum, or wall, between the two "button" prosthesis, but open heart surgery 

sides during fetal life when die heart forms was still required. See tor example "Closure 

from a folded tube into a four-chaaibered, of Interauricular Septal Defects 9 ' by Charles 

two unit system. A. Hirfragri et al» The Bulletin Georgetown 

These deformities can carry significant University Medical Center, VoL IV, No, 5, 

seaudae. For example, with an atral septal ftx 137—13% Feb.-Mar* 1951; which also 

detect* blood is sl u u rfrd from die left atnrn cued Swan EL: "Exnermiental Closure of 

of the heart to the right, producing an over* Interauricular Septal Defects-'' — Symposium 

load of the right side of the heart. In addi- of Cardiovascular Research, National Institute 

tion to left-to-right shunts such as occur in of Health, Jan. 21* 1950, Washington, D.C 

parent rincriit arteriosus from the aorta to the Additional work with such a btiiOHhtypo pros* 

poJmonary artery, the left side of die heart thesis in open heart surgery was also 
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fpparenrly done by C P. Bailey, MD. (tee 
Bailey ct al: M Correction of Interventricular 
Sepal Defects," Am. Surgery, 136, 919, 
1952; and Bailey: "Surgery of the Heart" 
S Lea and Febiger, PhilAddpma, Pp. 366, 1955) 
and by Yousif D. Al-Naaman, MJD^ Depart- 
ment of Thoracic and Cardiovascular Surgery, 
University of Bagrtrlarij Iraq. 
Thus, prior to the present invention, it was 
10 only possible to repair septal defects or shunts 
through openrbeaxt surgery, involving shunt- 
ing die blood through an artificial pump* 
oxygenator (beart4ung machine) or at least 
supplanting the action of die heart itself 
IS (mechanical heart) while the heart ts being 
repaired. Moreover, although excellent results 
have been obtained on simple septal defects 
by open-heart surgery, there is great risk is 
open-heart surgery in patients whose heart 
muscles have been under great strain for long 
periods of time. 

In contrast to the relatively drastic tech- 
nique of open-heart surgery, the apparatus 
of the present invention is utilised to dose 
off septal defects or shunts without the mrri 
of general anaesthesia or opening of die chest. 
Instead the operative ^wr^prr employed 
require only a small incision over a vein in 
the groin or neck under only local anaesthesia, 
such as is carried out for many routine cardiac 
catheterizations. 

Moreover, the catheter/closure apparatus 
of preferred embodiments of the present 
invention allows a cardiologist to dose a septal 
35 detect at the time of dia gnostic cardiac 
carheoaixation, if desired. Because of the pro- 
posed size of die outer catheter used in the 
present invention, this would be most reason- 
ably carried out after the age of 4 to S years. 

According to the pre sent invention there is 
provided a septal defect closure apparatus for 
dosing off a defect in die septum of, for 
example, the intravascular system, the appara- 
tus HtriwWfipy * p|M i «j ffq means comprising at 
least one umbrella-like expansion structure 
having a main body expansible between a 
dosecf position in which die body is, in use, 
capable of passing through die defect and aa 
nrp a nricd rmrion in which the body is sub- 
stantially planar so as, in use, to be capable 
of extending at least generally paralld to the 
septum for rrmttrring the septum surface 
a round die defect to thereby dose die defect, 
central structure means centrally located 
within said mam body and extending in a 
direction at least generally perpendicular to 
the body when die body in die ripandrrl posi- 
tion said rrnanrinn structure having as 
umbrella-like frame structure for T»Hmg 
60 the body between its closed snd rTptrjdfff 
pol itic al die umbrella-like structure having a 
•erics of relatively hard strut-like members 
radially «mi«ritig from said central struc- 
ture means, said strut-like members being 
65 reailiendy biased to an open position so that 



said sum body is resiliency biased towards 
its nrnanrirrl position, the apparatus also 
including operative means removably cos- 
nwishlr to said central structure means for 
sjppiying, in use, pressure stag the extended 70 
direction of die central structure means for 
forcing the distal, end portions of the ™fa 
body of said amarmon structure against the 
sepoan to dose the defect 

Preferably, said op er ativ e means inrfnX^ 75 
an obturator wire having attnrhii^ means at 
tts distal end for temporary connection to 
said umbrella-like structure, said umbrdl*- 
hlce structure having a central bub having a 
cormection means far temporary connection 80 
to said obturator wire. 

The fipaTftioji means may comprise a dual 
sec of said umbrella-like »»i M nfi'm structures 
for placement on oppo site tuies of the drfprt, 
and wherein said operative means 85 
an obturator wire having flfTa/ **nff mwnc g£ 
its distal end for ternporary connection to a 
first one of the imfeala-like structures, said 
first one of die umbrella-like structures hav- 
ing on its central structure as obturator conr 90 
sector hub means for temporary ^irnr linn 
to said obturator wire; said second umbrella- 
like structure having a central sleeve which 
can slide over said obt u r a to r wire, said ^n rd 
hub and said central sleeve having locking 95 
means for, m use, locking them together 
through the defect in auwatng fashion when 
00 opposite sides of the delect. 

In this case, the I'^^rng means may com- 
prise a male-female cosnrrtinrt between said 100 
central hub and said central sleeve, die 
exterior of said means of said 

central hub forming the male rn*mh*r and the 
interior of said sleeve forming at least is pan 
the female orifice. " 105 

It is noted that the term "catheter" as 
used herein refers to an instrument generally 
tubula r in sha pe, which is inserted into a body 
cavity, naturally or surgically opened. Several 
different catheters have been developed is the 110 
past, csrser for experimenral research pur- 
poses or clinical application. The Mobm- 
Uddin catheter Is one that is used for partial 
ocdusion of the inferior vena cava to prevem 
pufanonary embolization. This catheter has 115 
been descried in a publication by Drs. Kazi 
Mobm-Uddin and James R. Jude in an artide 
entitle d "A New Catheter Technique of 
Isterruption of the Inferior Vena Cava far 
Prevention of Pulmonary Embolism Hie 120 
American Surgeon, Volume 35, page 889, 
December 1969. See also U.S. Patent No. 
3,540,431 to Dr. Kazi Mobm-Uddin issued 
November 17, 197a A similar catheter tech- 
nique, but using a balloon ohernirtfos instead 125 
of an unibrefla-type obstructing is d i sd«w l 
in ibe article "Exrxrimemal Balloon Obstruc- 
tion of die Inferior Vena Cava " by Hunter ct 
al, Annals of Surgery, Vol 171, No. 3, Pp. 
315—320, February 197a 1 30 
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Additionally, m experimental 
fancd by one of the co-mvtnmrs aunsetx, a 
cardiac catheter with in inflatable disc balloon 
for in mini doaure of left-to-right ihunti 
mrough the ventricular septum was used. 
This catheter has been described in a. jwMica- 



Vob. XUV, page I-OX May ^7L See also 10 
the axtide by Dr. Harold King et al entitled 
w ua|» e iiinnn al Surgical B*p«r rf Vwttw«ii— 

Diverse examples of other t^*— Hf and/ 15 



__ generally — -, ^ 

Balloon Closure of Ventricular other types of surgical applications are found 
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Howe ver, at should be fully appreciated 
d uoden&od from the detailed ^rifa 
of me preferred embodiments below, all of 



these div er se prior art catheters and umbrcQa- 
Iflce Hrmrnfr, neither collectxvdy nor indi- 
vidually, anticipate the present invention. 

For a further understanding of the nature 
and objects of the present invention^ re- 
ference should be had to the foQowing 
rlrtaflrd description} taken in conjunction with 
the accompanying drawings, in which like 
parts are given like ufgieuie numerals and 



50 Figure 1A fa) a schematic flmstratkm of the 
heart, partially cur away, shoving a dosure 
app a mus which does not form part of die 
present mvention dosing off an atrial septal 
defect with two of the catheter operative de- 

55 ments of a catheter/dosure system being with- 
drawn; while 

Figure IB is similar in peap e aive to 
Figure 1A showing a typical atrial septal 
defect (ASDJ. 

60 Figure 1C is a p er sp e ctiv e view of left 
atrial and right atrial umbrella-like riqm rr 
dements used for an ASD in their open or 
erected positions. 
Figure 2A is a side view of a left atrial 

65 umbcdla-u*ke closure *Hn*nt in its collapsed 
position with the inner, central sliding sleeve 
shown partially in phan t om hnes; while 
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Figures 2B and 2C are side, iiinml 

and end views, respectively, of the inner, 
central hub of the left atrial unihreua-like 
closure element of Figure 2A. 

Figure 3A is a side, view of a ri ght atrial 
umbrella-like dosure element in its collapsed 
position with the inner* r H m *^ «Ki4w^ sleeve 
shown partially in phawtrw if^ . while 

Figures 3B and 3C are stde^ m** m ■ tfnn.1 
and end views, zespectrvely > of the inner, 
central sliding sleeve of the rig h t atrial 
umbrella-like dosure element of Figure 3A. 

Figure 4 is a side view of a typical strut 
flfinfnf used in left atrial and ngbt " 
umrmnla-iike dosure elements. 

Figure 5 is a perspective view of 
catheter operative Hrmrnts, concentrically 
together. 
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Figure 6 is a side, perspective view, par- 
tially cut away, of the catheter operative de* 
meats with the left atrial umbrella-like dosure 
element attached to the central catheter de- 
ment with the struts rtyiTirf partially ^pmrd, 
portions of the umbrella-like **rnt, parti- 
cularly the covering "^'''i not being illus- 
trated for s i mplicit y purposes; whOe 

Figure 7 is similar to Figure 6 with the 
exception of showing the right atrial umbrella- 
like dosure dfmrnt bemg affixed to the 
central rathctrr opeuuiie rfrnarnf and show- 
ing an additional operative a 
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firoi disc, positioned on the pfoonnial cod of 
the cestzil f ihrrrr ocxrarive flmifur. 

Figuce 8 is a tide view of a cone operative 
rirmrnr used to initially dote the unbrdla- 
like rirrnmrs prior to their insertion into the 
outer catheter operative element* 

Figures 9A through 9K are aide, trhrmarir 
views of the inner heart structure ulustratxng 
the sequential step* of the known apparatus 
as being applied to the doting of an atrial 
sepal defect (ASD); while 

Figures 10A and 10B are respectively, 
views of the right and left atrial umbreQa- 
like dosure elements after being spoked and 
locked together to dose off the atrial septal 



Figure 11 is a side, cross icm'mil view of 
the central bub and sleeve structures of the 
left atrial qth* right atrial umbreUft-like 
dosure elements located together io a male- 
female tH *^tt ftwtthtj>_ 

12 is a side, pi e spative view of a 
in accordance with the present 
invention. 

13A is a schematic iihotration of 



the heart, partially cut away, showing a 
apparatus dosmg off a ventricular septal 
detect with an alternate method utilizing a 
single umbrella-like dement being used; while 
Figure 13B is similar in pasp e Ltiv e to 
Figure 13A showing a typical ventricular 
septal defect (VSD). 

Figure 13C is a pasp e uive view of a 
single umbrella-luce closure rfrmntf used for 
a VSD in its open or erected position; while 
Figure 13D is a side view of the special 
obturator wire used in the alternative single 
umbrella technique. 

Figure 14A is a schematic lustration of 
the heart, partially cut away, showing dosure 
apparatus which does not form part of the 
Htttm^H invention dosing off a patent ductus 
arteriosus (FDA) using a modified right atrial 
or second umbxella-like dosure element with 
the final catheter opera tiv e Hrmmt of the 
catheter/closure apparatus ready to be with- 
drawn; while . 

Figure 14B is similar in pasu e ctive to 
Figure 14A showing a typical patent ductus 
(FDA). 

14C is a peisp c Uiv e view of the 

d left atrial and right atrial or first 

and second umbrella-like dosure dements 
used for a FDA in their open or erected post* 
dons* 

Figure 15A is a side view of a further 
right atrial umbrella-like efetnenr which does 
not form part of the Hstmrd invention shown 
mounted on the obturator wire prior to its 
being applied to the shunt; while 

Figure 15B is a side view of the element of 
Figure 15A as it is being applied to the shunt 
and being pushed to its hrrsing p os i ti o n with 
the left umbrella-like dement; while 
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Figure 15C a a dose-op, side 
central portions of the 
dements m their final, liKfyrf positions 

Figures 16A and 163 are frontal views of 
the under-side and topside x e sp e aftdy, of a 
further embodiment of the kft anirt unibrdla- 
like closure element of the present mventiotr 
in its open position for dosing an ASD; while 

Figures 17A and 17B are frontal views of 
the underside and topside, r c sp e uiv dy, of 
another -"KmUm^ of the right atrial 
umrxdlsWDoe dosure dement in its open posi- 
tion used with the left atrial umfadla-Iike 
closure element of Figures 16A and 16B. 

Figure 18 is a side view of the proximal 
ends of the r»fh**mf operative *^^ m * f ** used 
with the dosure Hnnriiis of Figures 16 and 
17; and 

Figure 19 is a side view of the distal ends 
of the I'tthffrr ^Hraiive of Figure 

IE without the umbrella-like dosure elernents 
attached; while 

Figure 20 is a side view again of their 
distal ends as m Figure 19 bat with the left 
and right atrial umfarcfla Hit dosure dements 
attached and in their open noafrfons located 90 
as they would be on oppottfB sides of the 
septum (not lThTstrated) and perior to being 
pushed and locked mgether. 

The expansion mp * M * of the present inven- 
tion must be rrTwrtahlf, fulfilling the special 
requirement of having a first* smsllfr physical 
form while it is being iiHHiril through a 
blood vesad and Quire a different* fftHrnrtj 
larger form when placed hi its final location 
dosing and ccrenng the septal defect or too 
shunt* Additionally it most meet the several 
miiiiflr.iit mechanical requirements pl a ced 
upon ff, must reliably open at the desired time 
and place, and most fffffii a suitable tight 
dosure of the defect or shunt in the heart 105 
system for a long period of time without any 
deterioration and m iti wtt^ producing any un- 
wanted side*<ffecti either on tissue or blood. 
Many mechanical systems are conceivable to 
meet these x e uuumeu nr and ptferred 110 
embodiments of the present invention, which 
wul now for purposes of uTusiruxion and dis- 
closure only be dm iflird in rtrfafl. 

A known type of riTwnsintt means as illus- 
trated in Figures 1€» 2 and 3 enmprisrs a 115 
pair of o p pos e d, umhrcfle-12ke rinnntfs 8, 9, 
the first* left atrial, dement 8 having a central, 
tapered hub 84 and the second, right atrial 
dement 9 having a central, sliding sleeve 94. 

The two umbrella-like closure dements 8> 120 
9 have for example six material supputUug 
struts 81, 91, respectively, each (note Figure 
4) strut 81, 91 having for example a length 
of 535 mm* with a sixty degree angle 



95 



between the struts 81, 91 of each element 8, 125 
9. The struts 81, 91 are made of a radio- 
opaque material (not necessarily metallic), for 
rxF^r 1 * — steel, which have at the 
distal ends thereof small projections or barbs 
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83, 93, lesneuiveiy, of for example 0 <2 mm. 
length, winch altar anchoring of the closure 
rffTWHiti 8, 9 into the stpluiiL Time holes 
are provided along the length of the itzutt 
81, 91— fame? holes 86', 96'; tie eyes 87s, 
97a for raising or lowering the struts 81, 91 
by meant of elevating ties or lines 7; and 
suture eyes 87b, 97b for attaching the 
umbrella material 82, 92 to the struts 81, 91. 
The tie holes 87a, 97a are of fa & 

allow the ties 7 to slide easily through them. 

The struts 81, 91 are attached to the 
umbrdlsrlike closure dements 8, 9 throogfa 
a central hub 84 and a sliding sleeve 94> re- 
spectively, made of for example stainless steel 
The surfaces of the hub 84 and the sleeve 94 
are grooved (note Figures 2C and 3C) in such 
a manner to allow the struts 81, 91, respec- 
tively, to lie suTrrfirislry in their surfaces 
without adding to the exterior bulk of me 
umbrella-like structures. The struts 81, 91 
are movably attached to the hub 84 and sleeve 
94 by hinge ring elements 86, 96, respec- 
tively, and there are included ring4ike strut 
keepers 87, 97, respectively, to prevent me 
struts 81, 91 from «p wMn g respectively) 
beyond xtznety degrees. Bach uuibitile4ike 
rlnrarrff 8, 9 ts of small enough ate tz> allow 
it to be placed within the outer, thin wall 
caftrffn* 1 within which it is transported dur- 
ing application, as described more fully 
below. 

Thin DacroD (Registered Trade Mark), 
Teflon (Registered Trade Mark), nylon, 
Silastic (a Registered Trade Mark), peri- 
cardium or sua, for rrarnrrff, routinely used 
to dose impw^F*'^ defects in open-heart 
surgery, can be used for the umbrella sheet 
material 82, 92, although Dacrco and sSk 
are considered preferable* The material 82, 
92 should be pliable and of sufficient strength 
and resiliency to open and dose smoothly. 
The material 82, 92 is anchored centrally on 
the hub 8 4 and the sliding sleeve 94, re- 
spectlvdy between the main body thnwrf* and 
the strut keepers of 87, 97, respectively* 
Sutures 87b', 97b' can be passed through 
suture eyes 87b, 97b to secure the umbrefla 
material 82, 92, respectively, distally upon 
the struts 81, 9L Aomrfonafiy, supplemental 
sutures 87a', 97a' can be used if desired to 
further secure the imirrial 82, to the tie holes 
87a, 97a. 

The sliding sleeve 94 and te distal hub 
84 ate fy** 1 * to lock securely najrftn in 
opposed, facing rrisrionslttp by meant of an 
tnf ^* na l > crrif^l, malc*female mechanism (note 
particularly Figure 11). A typical structure 
for achieving this is illustrated particularly 
in Figure 11 with supplemental reference to 
Figures 2B and 3B. The hub 84 xndndes a 
male member 84' projecting inwardly and 
a locking plateau 85 on its outer sur- 
Tbis mates with the female cavity 



sleeve 94. The female cavity also udndes a 

tockmg groove 95 far mating whl the plateau 
85. 

The total external diameter of the bub 84 
is for wfa,w y u 33 mm*, and it has been 
engineered with grooves 89 so that the struts 
81 may be recessed within the surface. The 
hub 84 is tapered slightly to a rounded, 
bullet-shape configuration at one end to a 
diameter of for namnfr approximately 
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0.075 mm. The other end of the hub 84 is 
relatively blunt and has a central threaded 
orifice 80 for mating with the threaded end 
31 of the obturator wire 3. described more 
fully below. The bub 84 can be for example 
3 nun. in length. 

Although it has not been found to be 
necessary, the central sliding sleeve 94 of 
the right umbrella 9 could have a flared or 
cnracal distal end in order to center it auto- 
matically with respect to the hub projection 
84' as a prdude to sliding up over it and 
slots it to the locked position. The bore 90 
of the right sleeve 94 is considerably larger 
than rise (Ksfmrrr of the obturator guide wire 
3, described below, to allow for tree move* 
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The operative ekmenrj of the 
catheter apparatus for inserting dosure dc- 



catheter 1; an inner, locking catheter 2; an 
obturator guide wire 3; a loading cone 4; a 
mampnlatfng handle 5; and a ne retracting 
and control disc 6 with a series of elevating 
ties 7. Note particularly Figures 5, 7, 8 and 

The outer, dun wall catheter 1, far example 
a No. 24 French sixe, is of sufficient length 
(for example 80—105. cm.) to allow its mani- 
pulation mto the heart area. The outer 
catheter 1 can be made from thin wall, woven 
Dacron or preferably polyvinyl material and 
has a gentle curve at the cardiac end to allow 
easy manipulation through a septal defect in 
the cardiac area. 

As shown m Figure 5, inside die outer, 
thin wall catheter 1 is a second, radio- 
opaque, inner catheter 2 which could be for 
example a No, 5 French sixe catheter ofpdy* 
vmyi material. It should be of 
length (for example 90—110 cm.) to protrude 
from the p**— ^n"! end of the outer catheter 
1 and has a rounded, cone-shape distal hub 
21 (note Figure 9C). The inner catheter 2 
should be of a sae to be quite mobile 
untaign me outer taiuein i» 

Passing through the inner catheter 2 is an 
obturator gride wire 3 which can be for 
example 1.1 mm, or less in diamrtrr and have 
a length of for example 200—350 an. A re- 
movable, proximal handle 5 (note Figure 9J) 
is used for rotational manipulation of the 
Dor wire 3. The arm 5 is locked to die 
3 and is easily removable 
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the inner portion 94' of the therefrom by means of a locking set screw j 30 
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51 coins; through a central hub dement 53. general itructure to the right unhcella 9 

For gripping purposes en extension arm 52 e xce p t that in place of the tie wire system 

is provided, there is inchided a set of elevating struts 291' 

The cardiac or distal end 31 of the hmgedly attached between the regular 

obtur ato r wire 3 is threaded for appros> umbrella struts 291 and an elevating neere 

mately 1 mm. so that it may be screwed and 294'. As shown in Figure 15B, as the dent- 

uns u e w e d into the bub 84 of the left dosing xng sleeve 294' comes into «*]«*ic t with the 

umbrella 8. The obturator wire 3 should be huh 84, the umbrella becomes « * q T d under 

of sufficient flexibility to allow easy man- the continuing pressure of the «ww ^rh f tc r 

pulation and can be for example made of a 2 until it n locked mm place as shown in 

fixed core stainless steel spring coateriaL Figure 15C 

As shown in Figure 7, a control disc 6 is For purposes of illustration and disclosure 

provided for ease in marnpiiaring and coo- pmposes only, the method of application of 

trolling the ties or lines 7. The disc can be closure apparatus will now be j^^hni in 

made of stainless steel and is placed on the detail with respect to the dosing of as atrial 

exterior, prnxmul portion of the obturator septal defect (ASD) with particular reference 

wire when needed. A series of bole pairs 61 to Figures 1A — C and 9A K. 

are provided about the p e riphery of the doc In order to gain TTfft to the heart, an 
for holding the ties 7. Although not iHus- incision is made in either the right or left 
trated, the holes 61 could be numbered or groin under local anaesthesia, and the femoral 
coded to the particular struts involved and an vein isolated. Standard ratWiyatj/^ tech- 
additional nan* of holes can be provided for niques are then utilised to rwnfi-n the pro- 
ves 7'. The ties 7, T can be made sence of the ASD such as the one shown in 
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of for *™«pi» monofilament nylon or 3—0 
silk. 

The final op er ati ye ^m*** ' a the loading 
cone 4> illustrated in Figure 8. The loading 
cone 4 is provided to assist in the easy load- 
ing or insertion of the umbrella-like Hfiiinas 
8, 9 into the outer catheter 1. For nramrrir, 
as shown in Figure 8, the left umbrella 8, 
threaded onto the distal end 31 of the 
obturator wire 3 and in its open or partially 
opened position, is first inserted through the 
loading cone 4 which leads into the outer 
catheter L The cone 4 serves to dose the 
umbrellas 8, 9 making them of a small 
enough size for insertion into the outer 
catheter 1. 

The distance across the total dosure struo- 
ture from hub tip to sleeve tip (note Figure 
9K) once locked in place is only approx> 
mately 3»5 mm*) dements can be prod tired 
in diameter sizes of for example 10 mm* 
15 mm* 20 mm* 25 mm* So mm. and 
35 mm. as desired or needed ■ 

In the present invention rather than dual, 
opposed nmhcrtlas, a single umbrella could 
be used as i len libcri . more fully below with 
respect to the repair of a ventricular septal 
detect. 

Additionally the present invention pro* 
vides alternative meant of expanding or open- 
ing the umbrella. In one embodiment of the 
present ui vendor* as generally illustrated in 
Figure 12, the struts 91" are made of re*- 
lien* flexible material so that the umbrella 
wOl inberendy or automatically open once it 
emerges from the outer cathnrr (note the . 
60 movement of the phantom lined strut). 

An iddirional type of the right atrial 
umbrella which does not form part of the 
claimed invention is shown in Figures 15A— 
C in which the necessity of a tie wire system 
65 is Himmjtpd The umbrella 209 is 



Figure IB. Once gizrng of the 

ASD is then achieved by means of special 90 
but stixjdard balloon catheters, and the appro- 
priate size of umhrella-like closure elements 
8, 9 are selected. 

Use initial dosing/catheter assembly (note 
Figure 5% ix. elements 1, 2 and 3, the latter 95 
bavins; the left umbrella 8 attached to its 
threaded end 31, is then inserted via the 
femoral vein into the heart under 
fluoroscopic control into the right atrium. 
With further advancing of the cath e ter 100 
assembly, it is placed m the left atrium (note 
Fugre 9A). 

By manipulating the obturator wire 3, the 
distal hub 84 carrying the ^»«pH left 
umbrella 8 is advanced beyondie outer, 105 
thin wall catheter 1 into the left atrium 
(Figure 9B). Once the left umbrella 8 is 
pushed beyond the tip of the outer, thin wall 
mflqttff. 1, the umbre&a 8 is mually unfolded 
by pu shing the inner catheter 2 against the 
struts 81 and fast the obturator wire 



3 (Figure 9Q, nrnanrimg the umbrella out in 
of the rtameter of the outer catheter L 



110 



( Then by puffing gentry on the obturator 
wire 3, the umbrella 8 k polled against the 115 
distal end 11 of the oarer catheter £ opening 
the rnnhrrUa 8 to its full ninety degree posi- 
tion (Figure 9D% The outer catheter 1 is then 
polled back into the right atria and the 
umbrella 8 pulled snugty against the left atrial 120 
wall of the septum* with the barbs 83 being 
anchored against the septum (Figure 9E). 

Once the left umhceOa 8 is firmly fixes* 
the loner catheter 2 is withdrawn and removed 
and the riajht umbreOa 9 did onto the 125 
ohrnrarnr wire 3 and loaded into the outer 
catheter 1 with the elevating des 7 and re* 
txacdng ties V in place on the senna 91 and 
sleeve 94, respectively, and the disc 6 (note 
Figure 7). The collapsed right umbrella 9 130 
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fr jfaca pushed tBtoogh and oat of che outer 
catheter 1 by means of the inner catheter 2 
into the right atrium and p^HflpH fust 
superior xo the inferior vent cart and right 
atrial junction (Fimre 9F). At mil point die 
outer catheter 1 is withdrawn to allow the 
right umbrella 9 to lie freely upon the 
obturator guide wire 3 within the body of 
the right atrium. 

As the inner catheter 2 is advanced and 
trtction mamrarnrd on the elevating ties 7 
and on die retracting ties 7', the right 
umbrella 9 is opened (Figure 9G) and pushed 
amigly against me mter-4trial sepiium by means 
of the inner catheter 2. By fluoroscopic 
m f mft o ring, it can be rictrnuiufrf that all ex 
struts 91 are at riant angles. The 

d further 



catheter 2 ii pushed 



forward) frrcing 



the sliding sleeve 94 of the right umbsefla 9 
to slide onto the left umbrella bub 84, lock- 
ing the two together (Figure 9H). A dkking 
sensation is felt through the obturator wire 3, 
and a dick can be heard as the umbrellas 8, 
9 art locked into place. Once m place die 
umbrellas 8, 9 are tugged gendy with the 
obturator guide wire 3 to assure stability. 

Once the umbrellas 8, 9 are locked o 
p l ace, the obturator wire 3 can be unscrewed 
from the distal hub 84, using the handle 5 
on the proximal portion of die o b t urat or wire 
3, thus leaving in place die distal hub 84 
with the right and left umbrellas 8, 9 locked 
in place (Figure 9J). The obturator guide wire 
is dms unthreaded with die aid of the handle 
5 frnin the left umbrella hub 84 and removed 
from die heart with die outer and inner 
catheters 1, 2 (Figure 9R). Following this, the 
outer, thin wall catheter 1, die finer catheter 
2 and the obturator wire 3 are •'■■■■lyi— 
withdrawn from die body. 

Fallowing installation of the closure struo* 
tare, a diagnostic venous nrhrftr can be 
imnxhtced for the appropriate angiograms, 
dye curves and hydrogen electrode studies to 
confirm the e ff ec tiv e n e ss of the closure of the 
septal dffrrt . The closure structures 8, 9 
should be covered by endocardium within she 
to eight weeks> and be thereby integrated into 
die heart's struct ine» 

completion of the operation, the vein 
Rttsl nxisiflo 



the VSD such as the one shown; m Figure 
UK Once confirmed, rizmg of the VSDis 
then achieved by means of special bur 
standard balloon catheters, and the appro- 
priate size of die unmreUft-Uke dosure de- 
meat 8' is selected. 

The outer catheter is inserted into die vein 
and subsequently passed into the right 
ventricle and manipulated across die ventri- 
cular septal defect into the left ventricle. Its 
position can be ^"^Tifrri by obtaining an 
oxygen sample or passing an NIH catheter 
dgoop h the outer catheter into the left 
ventricle and doing a hand "ijrm'on 

The proper size umbrella 8' rimflar in 
structure to the left arrial umbrella 8 des- 
cribed above is loaded into die outer «rf*frr 
aod passed into the left ventricle and opened 
by using the inner nthcter m the same 
as is carried out in dosing die atrial septal 
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and inguinal 

For purpo s es of furth e r ffhisrrstioo and dis- 
closure, >the method of sppHnfioa of dosure 
appssitus will now be or scribed m some 

55 detail with respect to the dosing of a ventri- 
cular septal defect (VSD) with particular re- 
ference to Figures 13A— C. 

In order to gain access to die heart, an 
incision is made m die right neck over die 

60 external or internal jugular vein under local 
ana e sth e si a. The jugular vem is isolated and 
venotomy is made for htarrflon of the outer 
fithefcr 1* Standard catherixauoo techntoncs 
are then utilized to confirm the presence of 



a« 

umbrella 8' is pulled snugly a g?™«* die left 
side of the interventricular septum ^ fom f 
to die ventricular septal defect. 

The outer and inner catheters are then re- 
moved from die body, leaving die ftfrft irstor 
wire 3, and Silastic (A Registered Trade 
Mark) tubing 3' is passed over the obturator 
wire 3 and subsequently into the heart to 
entirety cover the exposed ohtnrstor wire 3. 

By ma in timing general pressure oo die 
obturator wire 3, the umbrella 8' is odd 
tightly against die left side of the inter- 
ventricular septum and thus doses the inter- 
ventricular septal defect The umbrella 8' is 
mainrimrri in place by the barbs en the tips 100 
of the struts (like those described above) and 
by the obturator wire 3. Additionally the. 
internal blood pressure system* which is 
greater in the left ventricle than the right 
(typkafly 90 mm, Eg vs. 30 min. Hg) serves 105 
to help maims in the ™wht»Jh 8' over the 
VSD, closing it off. 

The tubing 3' and the wire 3 are cut off 
at the appropriate lengths to allow anchoring 
them in the tissues or the right within 110 
the numlar vein. The incision is dosed, and 
periodic checks are made of the umbrella 8' 
over the subsequent 15 minutes by fluoro- 



The pstient is antieoagulated prior to the 115 
rmtaflarion of die ventricular dosing umbrella 
and is on ■*^^>Qg»itatifii therapy 

for several weeks. After about she to eight 
weeks and die umbrella 8' has been endo* 
thriialisrri, an incision is again made over the 120 
proximal end of the tubing 3' and wue 3 
(unite dose to the original mdaioo in the 
neck). The wire 3 and tubing 3' is isolated, 
and with the use of die handle 5 on die 
proximal end of the obturator wire 3, die 125 
User is unscrewed and removed from within 
the h eart and vascular system. The tubing 3' 
Is of course removed sJmulnujeouxfy with die 
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wot 3, ad the addon doted leaving the 
VSD permanently dosed. 

Thus, the ventricular septal defect is doted 
with the use of only a single umbrella 8' 
5 with temporary anchoring by the wire 3 
covered with the tubing 3' to prevent dotting 
and embolization. 

To dote a patent ductus arteriosus (PDA), 
for example like that shown in Figure MB, 
10 the same analogous method diseased with 
respect to the ASD of Figure IB and the 
steps of Figures 9A — K can be used. How- 
ever, because of the longer riistanrr between 
the sortie and pulmonary outer walls of the 
1 5 PDA, rn/*ii*m* aortic and pulmonary umbrella 
Hrmrntt 108, 109 are used is place of the 
left and right atrial umbrella Hrniriifi 8, 9* 
The main mod ifirs firm is to extend further 
out the male mrmhrr of the aortic umbrella 
20 108 or alternatively the female member 194 
(as illustrated in Figure 14Q. Otherwise the 
structure of the umbrellas 108, 109 can be 
identical to that disdoeed in detail above with 
respect to the umbrellas 8, 9. 
23 It is noted that it is advantageous to use 
the closure structures of the present invention 
even when openrheart surgery is necessary, 
as for example in the case of small babies. 
In such cases, the dosure structures of the 
30 present invention can be applied f ^ Trnat g^ the 
open heart in a matter of a few minutes as 
opposed to the typical thirty to forty mmmp* 
usually taken with standard suturing of the 
shunt as practised in the prior art 

The dosure demenni and the catheter 
operative dements and their rnffhod of 
application d es c rib ed in detail with respect 
to Figures 1C — 11 were initially devdoped 
and experimentally tested with dop with 
success. Further devdopmest ' work has pro* 
duced the embodiment of the present inven- 
tion shown in Figures 16A— 20 which hi 
f i/w ltd to be applied to hunso patients in 
the very near future and which wul now be 
45 described in detaiL 

As shown in Figures 16A & B and 17A 
& B, for an ASD there is provided two 
umbrdla-like dosure Hrmrnts, a left atrial 
one 308 and a right atrial one 309, each hav- 
50 ing for example six material sup p o r ting struts 
381, 391, respectively. 

The struts 381, 391 are made of a radio- 
opaque material (not necessarily metallic), for 
example stainless seed, and as illustrated are 
55 each mxtiaQy flat m radial plane and then are 
twisted ninety degrees so that they are then 
fiat m the plane of the septum. The struts 
381, 391 are Mncedly attached to a central 
bub 384 and a sliding sleeve 394> t t sp e oivdy, 
60 also made of for nramrrfr stainless steeL The 
surfaces of the hub 384 and me sleeve 394 are 
grooved to hold the struts 381, 391. 

As noted above, thin Dacron 
Trade Mark), Teflon (Registered Trade 
65 Mark), nylon, Silastic (Registered Trade 



Mark), pericardhxn or sflk, for — — »H p, can 
be used for the mnbreiia sheet ma&nal 382, 
392 which is sutured to the struts 381, 391, 
respectivdy. 

The didtxur sleeve 394 and the distal hub 
384 are desumed to lock securely together 
in opposed, facing relationship by means of 
an internal, central, malc-fcmalr "^*Hn T 
as described above with r e sp e ct to die pre- 
viously aescribed dosure dement* (note far 
example Figure 11). 

Like the of Figure 12, the 

struts 381, 391 are designed to be sdf- 
oprnfng by the use of a resilient i r nu f m * . 
In the embodiment of Figures 16 and 17, 
tms^ inherent resiliency is provided by the 
addition of a thin, resilient, springy ring 387, 
397, of for exsmpJe Silastic (Registered 
Trade Mark) material attached to the struts 
which causes them to automatically «p*mg 
out when obey are no longer p n w ira in M or 
under iftiitiitf, Suitable dhnensiont for the 
ring 387, 397 for an umbreila-like dosure 
flrmnif of two cm. Hfam— | jg ^ ring having 
an outer diamr of 8 mm. and a 
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of 0.5 mm. The resilient members 387, 397 
can take on various forms besides a rinfc 
such as for example a disc or mdmdusl 
(not illusuated). 

As before with respect to the dosure 95 
ytratus of Fig ure 5, the operative demenni 
of the dosure f i flirt rr system for the 
umbrefla-hae dosure elements of Figures 16 
and 17 comprise several parts: (note Figures 
18—20) an outer catheter 301, an inner, 100 
locking or right atrial catheter 302, and an 
obturator wire 303. However, in tMs embodi- 
ment, the outer catheter 301 memoes at its 
distal end a boosing capsule 310 which is 
used to house both dosure elements 308, 105 
309 as the catheter is inserted into the body 
in juxtaposition to the septal defect to be 
dosed. Additionally the anal end of the 
inner, Forking rathrtrr " , *^ rv ^fi a tuiiwat 
threaded portion 321 fin place of the distal HO 
hub 21 of inner cameter 2) which mates with 
a similarly threaded female "" fry in the slid- 

S sleeve 394, which allows positive, detach* 
_y fixed mo veme nt of the right umbrella* 
fin element 30? on the end of the inner 115 



end of the 
a 



csrhrttr 302. At the pruannal 
inner cameter 302, mere is 

M manJpuhuing*top n hub 302' 

vents the proximal end of the inner c fl tf irt t r 
from going into the outer catheter 301 and 120 
allows the inner catheter 302 to be easily 
tnanfra dated for the twisting, p w *h* ,i g or pull- 
ing o a rr e uf . 
As before, the left unibrdla-Hke element 
ts deoKhabfy fixed by threaded engage- 125 
to the threaded portion 331 on the distal 
end of the o bt urato r whs 309. As illustrated 
in Figure 19, the terminal distal section of 
the obturator wire 301 can induce a buih> 
up portion 301' for strengthening purposes. 130 
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The method of application of the embodi- 
ment of Figures 16--20 It timilir to that dis- 
closed with resp ec t to Figures 9A— 9K 09rm ^ 
that the doted umbrefla-like dosuxe elements 
308, 309 fastened to the distal ends of the 
obturator wire 303 and the inner catheter 
302, respectively, are both initially placed 
in line in the distal capsule 310. The loaded 
capsule 310 then is inserted through the body 
in juxtaposition to the septal defect is the 
position analogous to that shown in Figure 
9A. The left closure Hcmenr 308 is pushed 
out of the capsule 310 until it is dear thereof, 
at which point the stmts 381 automatically 
open under the spring action of the resilient 
nng 387. The outer catheter 301 Is then 
pulled back into the. right atria, and the open 
dosure element 308 gently pulled snugly 
against the left atrium srpfiiiH (ana logous Co 
the action illustrated in figure 9B). 

Once the left dosure element 308 is firmly 
in position, the right dosure element 309 by 
means of the inner catheter 302 is moved out 
of the distal capsule 310 until it is dear 
thereof, at which point the strut* 391 auto- 
matically open under the spring action of the 
resilient ring 397. The inner catheter 302 
with the open rig^ht dosure Hrmrat 309 oo 
the end thereof is pushed further forward, 
riding over the obturator wire 303 and forc- 
ing the sliding sleeve 394 of the right dosure 
dement 309 to slide onto the left dosure ele- 
ment hub 384) locking the two toexber 
( analogous to the action flliisrrarfri in Figure 
9H). 

Once the umbrella-like dements 306, 309 
are locked in place, the obturator wire 301 
and the inner catheter 302 can be unscrewed 
from them and, with the outer catheter 301, 
completely withdrawn from die .-body.' To 
insure that the dosure dements 309 are 
securdylocked, the inner catheter 302 is 
unscrewed first and the two ufnbrcQa*4ike 
structures 308, 309 moved to<end-fro by 
means of the obturator wire 309 and the 
action viewed by fluoroscopy. 

Other than the differences m structure 
method outlined above, the embodiments are 
at least generally the same and r e feicuLc is 
had to the more detailed druiiiniia s of the 
apparat ns of Fi gures 1C— 11 tor 
detailed ""^^infling of the embotbV 
of Figures 16 20L 
Thus atrial septal defects (Figure 1) and 
hi sandier fashion ventricular septal dcslcctt 
(Figure 13) and great vesad shunts (Figure 
14} are dosed by 
Fi 



within the heart and tolerated without adverse 
effects. It is estimated that the heart will 
mrtftftrttsHrr the dosure* dements with 
to eight weeks as occurs after standard 
closures using open-heart surgery. 

Ben use many varying and different 
emhodunenrs may be made within the fffl pe 
of toe ascendent ***t—^ L §nd ^mn i tf many 
nodmcanons may be made in the embodi- 
ygg? here in detailed in accordance with the 
descriptive requirements of the law, it is to be 
uadcistoud that the wnW^^ h erein are 
to be intei pitted as iflustrarive and not in a 
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expenea 

suunkss steel particularly of the 300 
which is the preferred materials for all struc- 
tural parts remaining in the hearty and 
materials such as Dacron (Registered Trade 
Mark), Teflon (Registered Trade Mark)* 
nyion, pericardium! Silastic (Registered Trade 
Mark) and silk can be permanently 



WHAT WE CLAIM IS: — go 
1. A septal defect dosure apparatus for 
dosing off a defect in the septum of, for 
fiarnple, the intravascular system, the 
apparatus inducting expansion means com- 
paring at least one mixbrdla-like exr*nsion 85 
structure having a main body »«p— -*Mr 
between a dosed position in which the body 
is* m use; capable of passing through die 
defect and an expended position in which the 
body is substantially planar so as, in use, to 90 
be capable of extending at least generally 
parallel so the septum for «wfrftn g the 
septum surface around the defect to thereby 
dose the defect, central str uctur e means 
centrally located within said main body — «1 95 
extendin g m a direction at least generally 
perpendicular to the body when the body in 
the expanded position said expansion struc- 
ture having an umbrefla-iike frame structure 
for firwnrfmg the body between its dosed |00 
and expanded position* the umbrdla-like 
structure having a series of relatively hard 
strut-like members radially emanating from 
said central structure' iseanv'said strut-like 
nirmlr is being rcsflfantty biased oo an open 105 
positio n so that said main body is rerilssntfy 
biased towards hs frptndfri position, the 
apparatus also mrhvting operative means re- 
movably ronrrv uiHe to tsad central structure 
means for applying, in use, pressure along die 1 10 
ritrnrted dotctiao of the central structure 
means for foiling the distal, end pcrttVmi of 
the main body of said — p«i—j «n soructure 
against the septum to dose the defect 

1 Apparatus as daimed in Claim 1 wherein 115 
said operative means mrfndet as "frtnrsipr 
wire having ***«f means at its distal end 
for tempomy c onnwthai to said umbrella- 
Hke structure, said un*hrdla-l£ke structure 
having a central hub having a Ti*n 120 
for temporary connection to said 



3. Ap paratus as churned in Cairn I or 2, 
wherein said expansion means muptHc s a 
dual set of said umbrella-hie exptosto 125 
Qaes for phmtnent on opposite skies of die 
defect; and wherein savf o pe r ativ e means 
fnrfnrtes an obturator wire having ■*t»<»twwj 
at its distal end for temporary 



don co a fine one of the umbrella-like struc- 
ture, said first one of the umbrella-like struc- 
tures having on its central structure an 
obturator connector hub nfi ** , y for temporary 

5 connection to said obturator wire; said 
second umbrella-like structure having a 
central sleeve which can slide over 
said obcurator wire, said central hub 
and said central sleeve having lock- 

10 ing means for, in use, locking them 
together through the defect in opp osing 
fashion when on opposite sides of the defect. 

4. Apparatus as claimed in Claim 3, 
wherein said locking means comprises a male* 

15 female connection between said central bub 
and said central sleeve, die e xt e ri or of said 
connection means of said central hub forming 
the male member and the interior of said 
sleeve forming at least m part the female 

20 orifice. 

5. Apparatus as claimed in Claim 4* 
wherein said male mrmhfr includes a projec- 
tion on its mating surface and said female 
orifice includes an indentation for further 

25 mating with said p rojection and locking die 
bub and sleeve together* 

6. Apparatus as rlaimH in any one of the 
preceding claims wherein said strut-like 



members are made of resilient ™— »H tn> 
provide the resilient busing. 30 

7. Apparatus as ^^w* in say one of 
Claims 1 go 6 wherein the or eacn of said 
expansion structures has on id distil porticos 
anchoring meant for anchoring said expansion 
structure to the septum when said Tp**™*** 35 
structure is forced against the septum. 

& Apparatus as daxmed in Claim 7 
wherein said anchoring means ™mpw«»u pro- 
jections mmriing at least partially in a 
direction parallel to said -**»™<H central 40 
structure meant and h—y^ in the frmnfw 
condition of the apparatus, parallel to die 
central axis of the and i^ j ^ i ' i ^if flr 
to die arpfniH tnrfarr, said projections being 
barb-like structures. 45 

9. A septal shunt defect closure apparatus 
substantially as dfsrrfbcd herein with re- 
ference to and as flhstratcd in Figure 12 or 
Figures 16A to 20 of die *wtn{farjyfa g draw*, 
togs. 50 

JENSEN & SON, 
Agents for die Applicants, 
8» Fuiwood Place, 
HighHcJborit 
London WC1V 6HG, 
Chartered Patent ^gHTt* 
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